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[NAME OF DOCUMENT] Specification 

[TITLE OF THE INVENTION] INSULATED GATE TYPE SEMICONDUCTOR DEVICE 
AND METHOD FOR FORMING THE SAME 
[WHAT IS CLAIMED IS] 

[Claim 1] In an insulated gate field effect transistor having at least a semiconductor layer, an 
insulating film layer, and a gate electrode comprising a material selected from the group consisting 
of aluminum, chromium, titanium, tantalum, silicon, and an alloy thereof, which are provided on 
an insulating substrate, characterized in that the insulating film layer comprises a silicon oxide 
layer and a silicon nitride layer. 

[Claim 2] A method for forming an insulated gate type semiconductor device comprising: 
forming a semiconductor region on an insulating substrate; 

forming a first insulating film mainly comprising silicon oxide on said semiconductor region; 

forming a second insulating film mainly comprising silicon nitride on said first insulating film; 

forming a metal film comprising a material selected from the group consisting of aluminum, 
chromium, titanium, tantalum, silicon, an alloy thereof on said second insulating film; and 

forming an oxide layer on a surface of said metal film by making a current flow through said 
metal film in an electrolyte. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD FOR INDUSTRIAL USE] 

The present invention relates to an insulated gate type semiconductor device, and 
particularly to a structure of a thin-film insulated gate type field effect transistor (TFT) and a 
method for producing the same. 
[0002] 

[DESCRIPTION OF THE PRIOR ART] 

Recently, a thin-film insulated gate type field effect transistor (TFT) has been vigorously 
studied. For example, in Japanese Patent Application No. 4-30220 or No. 4-38637 invented by 
the present inventors, a TFT and a method of producing the same are disclosed. In the method, a 
gate electrode is formed of aluminum, titanium, chromium, tantalum or silicon. And the peripheral 
thereof is covered with aluminum oxide formed by the anodic oxidation method so that a 
source/drain is not overlapped with a gate electrode, that is, these elements are formed in an offset 
state, and the source/drain region is recrystallized by the laser annealing treatment. 
[0003] 

The TFT thus formed is proved to have a more excellent characteristic in comparison with a 
conventional silicon gate TFT having no offset or a TFT having a gate electrode which is formed 
of metal having a high melting point such as tantalum or chromium and is activated by a thermal 
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annealing. However, it is difficult to obtain this excellent characteristic with high reproducibility. 
[0004] 

One cause is due to the invasion of movable ions such as sodium from the external. The 
reproducibility is deteriorated by the invasion of sodium from the external, particularly in a process 
of forming a gate electrode of metal material such as aluminum or the like (using a sputtering or a 
electron beam deposition method), and in a subsequent anodic oxidation process. Particularly in 
the sputtering, there is contamination of sodium ions. However, the sputtering is superior in the 
mass production to the electron beam deposition method, and thus its use has been necessarily 
desirable to reduce a manufacturing cost. 
[0005] 

It has been known that sodium is blocked and gettered by phosphorus glass or the like. 
Therefore, a gate insulating film has been generally formed of phosphorus glass. However, it is 
difficult to form the phosphorus glass at a low temperature which is aimed by the inventions as 
disclosed in the above Patent Applications. In addition, if the formation of the phosphorus glass at 
such a low temperature is attempted, for example by injecting phosphorus into a silicon oxide gate 
insulating film using an ion doping method, there frequently occurs a problem that a large number 
of defects occur in the gate insulating film and thus the characteristic of the TFT is rather 
deteriorated. 
[0006] 

In addition, high voltage of 100 to 300V is required for the anodic oxidation, and thus there 
is a risk that the gate insulating film is damaged by the high voltage. That is, in the technical scope 
of the above mentioned patent applications, the gate insulating film is formed on a semiconductor 
film, and the gate electrode is formed on the gate insulating film. In this construction, a voltage 
occurs between the positively-charged gate electrode and the semiconductor film in a floating state 
in the anodic oxidation process. Therefore, as the resistance between the gate electrode and an 
electrolyte is increased in accordance with increase of the thickness of an anodic oxidation film on 
the gate electrode, the amount of current passing from the gate electrode through the gate 
insulating film and the semiconductor film to the electrolyte is increased. Accordingly, there 
occurs a case where the gate electrode is damaged by this current. 
[0007] 

[PROB1JEMS TO BE SOLVED BY THE INVENTION] 

The present invention intends to solve the problem. That is, an object of this invention is to 
prevent movable ions from invading from an external, and is to prevent the breakdown of a gate 
insulating film in order to improve the reliability. 
[0008] 

[MEANS TO SOLVE THE PROBLEM] 

In the present invention, a silicon nitride film is interposed between an aluminum gate 
electrode and a gate insulating film. Assuming the composition ratio of silicon in the silicon nitride 
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film to 1, the composition ratio of nitrogen is in a range of 1 to 4/3, preferably in a range of 1.2 to 

4/3. In addition to nitrogen and silicon, hydrogen or oxygen may be added. 

[0009] 

The silicon nitride film serves to block movable ions such as sodium, and thus can prevent 
the movable ions from invading from the gate electrode and other portions into a channel region. 
In addition, silicon nitride has higher conductivity than silicon oxide which is usually used for the 
gate insulating film, and thus the silicon nitride film also serves to prevent an excessive voltage 
from being applied between the gate electrode and the semiconductor region (channel region) 
beneath the gate electrode, so that breakdown of the gate insulating film can be prevented. 
[0010] 

Accordingly, the semiconductor region and the gate insulating film are formed, then the 
silicon nitride film is formed, and then an aluminum electrode is formed to form the gate electrode. 
The silicon nitride film is also preferable because when the silicon nitride film exists integrally over 
the entire surface of the substrate during the anodic oxidation of the aluminum electrode, the 
positive potential is kept to a substantially constant potential over the entire surface of the 
substrate. 

The present invention will be described in more detail by illustrating examples as follows. 
[0011] 

[EMBODIMENT] 
[EMBODIMENT 1] 

Fig. 1 is cross-sectional views showing a manufacturing process of this embodiment. The 
detailed conditions of this embodiment are substantially the same as those of Japanese Patent 
Application No. 4-30220 or 4-38637 and thus the description thereof is eliminated. Firstly, an N- 
O glass produced by Nippon Electric Glass Co., Ltd. was used as a substrate 101. This glass has a 
high distortion temperature, but contains a large amount of lithium and sodium. Therefore, in 
order to prevent invasion of these movable ions from the substrate, a silicon nitride film 102 was 
formed in thickness of 10 to 50nm by a plasma CVD method or a low pressure CVD method. 
Further, a silicon oxide film 103 serving as a base film was formed in thickness of 100 to 800nm 
by a sputtering. An amorphous silicon film was formed thereon in thickness of 20 to lOOnm by 
the plasma CVD method, and annealed at 600*C for 12 to 72 hours at a nitrogen atmosphere to 
crystallize the amorphous silicon film. Subsequently, this result was subjected to a patterning 
process by the photolithography and the reactive ion etching (RIE) method, thereby forming 
island-like semiconductor regions 104 (for N-channel TFT) and 105 (for P-channel TFT) as shown 
in Fig. 1(A). 
[0012] 

Subsequently, a gate oxide film 106 was deposited in thickness of 50 to 200nm by a 
sputtering using silicon oxide as a target in an oxygen atmosphere, and then a silicon nitride film 
107 was deposited in thickness of 2 to 20nm, preferably in thickness of 8 to 1 lnm by the plasma 
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CVD method or the low pressure CVD method. 
[0013] 

Thereafter, an aluminum film was formed by the sputtering or the electron beam deposition 
method, and then subjected to a patterning process with mixed acid (phosphoric acid solution 
added with 5% nitric acid) to form gate electrode/wirings 108 to 111. Through this process, an 
outline of the TFT was shaped. 
[0014] 

Further, a current was applied to the gate electrode/wirings 108 to 111 in the electrolyte to 
form aluminum oxide films 112 to 115 by the anodic oxidation method. An anodic oxidation 
condition as disclosed in Japanese Patent Application No. 4-30220 which was invented by the 
present inventors of this application, et al was adopted in this embodiment. Fig. 1(B) shows an 
intermediate produced in the above processes. 
[0015] 

Subsequently, an N-type impurity and a P-type impurity were injected into the 
semiconductor regions 104 and 105, respectively by a well-known ion injection method, thereby 
forming an N-type impurity region (source, drain) 116 and a P-type impurity region 117. This 
process was carried out using a well-known CMOS technique. A silicon nitride 107 at portions 
other than the portions beneath the gate electrode/wirings were removed by the reactive ion 
etching method. This process may be replaced by the wet etching treatment. In this case, by 
utilizing the difference in etching rate between aluminum oxide serving as the anodic oxide film 
and silicon nitride, the etching treatment is conducted in a self-aligned manner using aluminum 
oxide as a mask. 

[0016] „ , 

Through these processes, the structure as shown in Fig. 1(D) was obtained. Naturally, the 
portion doped with the impurity by the ion injection method has low crystallinity, and thus it was 
substantially in a non-crystal state (amorphous state, or a polycrystal state close to the amorphous 
state). Therefore, a laser anneal treatment was conducted to improve crystallinity at the portion. 
This process may be carried out by a heat annealing treatment at 600 to 850^. The same laser 
annealing condition as disclosed in Japanese Patent Application No. 4-30220 for example was 
adopted. After the laser annealing, the annealing treatment was conducted for 30 minutes to 3 
hours at a temperature of 250 to 450"C in a hydrogen atmosphere (1 to 700 ton, preferably 500 
to 700 torr), thereby adding hydrogen to the semiconductor region to reduce lattice defects 
(dangling bond, etc.). 

[0017] a ' 

In this way, the outline of the element was shaped. Afterwards, similarly in the ordinary 
manner, an interlayer insulator 1 18 was formed by the sputtering for silicon oxide film formatxon, 
and a hole for the electrode was formed by a well-known photolithography to expose the surface 
of the semiconductor region or the gate electrode/wiring. Finally, a second metal film (aluminum 
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or chromium) was selectively formed to form electrode/wirings 119 to 121. The first metal 
wirings 108 and 111 were crossed by the second metal wirings 119 and 121. Through the above 
mentioned process, NTFT 122 and PTFT 123 can be formed. 
[0018] 

[EMBODIMENT 2] 

Fig. 2 is cross-sectional views showing a manufacturing process of this embodiment. The 
detailed conditions of this embodiment are substantially the same as those of Japanese Patent 
Application No. 4-30220 which was invented by the present inventors of this application, et al and 
thus the description thereof is eliminated. Firstly, an N-O glass produced by Nippon Electric Glass 
Co., Ltd. was used as a substrate 201 and a silicon nitride film 202 was formed in thickness of 10 
to 50nm by a plasma CVD method or a low pressure CVD method. Further, a silicon oxide film 
203 serving as a base film was formed in thickness of 100 to 800nm by a sputtering. An 
amorphous silicon film was formed thereon in thickness of 20 to lOOnm by the plasma CVD 
method, and annealed at 600V, for 12 to 72 hours in a nitrogen atmosphere to crystallize the 
amorphous silicon film. Subsequently, this result was subjected to a patterning process to form 
island-like semiconductor regions 204 (for N-channel TFT) and 205 (for P-channel TFT) as 
shown in Fig. 2(A). 
[0019] 

Subsequently, a gate oxide film 206 was deposited in thickness of 50 to 200nm by a 
sputtering, and then a silicon nitride film 207 was deposited in thickness of 2 to 20nm, preferably 
in thickness of 8 to llnm by the plasma CVD method or the low pressure CVD method. 
[0020] 

Thereafter, an aluminum film was formed by a sputtering or an electron beam deposition 
method, and then subjected to a patterning process to form gate electrode/wirings 208 to 211. 
Through this process, an outline of the TFT was shaped as shown in Fig. 2(A) 
[0021] 

Further, a current was applied to the gate electrode/wirings 208 to 211 in the electrolyte to 
form aluminum oxide films 212 to 215 by the anodic oxidation method. The condition of the 
anodic oxidation as disclosed in Japanese Patent Application No. 3-30220 which was invented by 
the present inventors was adopted in this embodiment. Fig. 2(B) shows an intermediate produced 
in the above processes. 
[0022] 

Then, as shown in Fig. 2(C), silicon nitride 207 at portions other than the portions beneath 
the gate electrode/wirings and silicon oxide 206 were removed by the reactive ion etching method 
in order to expose semiconductor regions 204 and 205. This process may be replaced by the wet 
etching treatment. In this case, by utilizing the difference in etching rate among aluminum oxide 
serving as the anodic oxide film, silicon nitride, and silicon oxide, the etching treatment is 
conducted in a self-aligned manner using aluminum oxide as a mask. Further, by the laser doping 
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technique which was invented by the present inventors (Japanese Application No. 3-283981), an 
N-type impurity and a P-type impurity were injected into the semiconductor regions 204 and 205, 
respectively, thereby forming an N-type impurity region (source, drain) 216 and a P-type impurity 
region 217. This process was carried out using a CMOS technique disclosed in Japanese Patent 
Application No. 3-283981. 
[0023J 

Through these processes, the structure as shown in Fig. 2(D) was obtained. In a laser 
doping method, since an injection of impurity and annealing are conducted at the same time, there 
is no need to conduct the processes of laser annealing and heat annealing in the Embodiment 1. 
After the laser doping, the annealing treatment was conducted for 30 minutes to 3 hours at a 
temperature of 250 to 450°C in a hydrogen atmosphere (1 to 700 torr, preferably 500 to 700 torr), 
thereby adding hydrogen to the semiconductor region to reduce lattice defects (dangling bond, 
etc.). 
[0024] 

In this way, the outline of the element was shaped. Afterwards, similarly in the ordinary 
manner, an interlayer insulator 218 was formed by the sputtering for silicon oxide formation, and a 
hole for the electrode was formed by a well-known photolithography to expose the surface of the 
semiconductor region or the gate electrode/wiring. Finally, a second metal film (aluminum or 
chromium) was selectively formed to form electrode/wirings 219 to 221. Through the above 
mentioned process, NTFT 222 and PTFT 223 can be formed. 
[0025] 

[EMBODIMENT 3] 

Fig. 3 is cross-sectional views showing a manufacturing process of this embodiment. The 
detailed conditions of this embodiment are substantially the same as those of Japanese Patent 
Application No. 4-30220 and thus the description thereof is eliminated. Firstly, an N-O glass 
produced by Nippon Electric Glass Co., Ltd. was used as a substrate 301 and a silicon nitride film 
302 was formed in thickness of 10 to 50nxn by a plasma CVD method or a low pressure CVD 
method. Further, a silicon oxide film 303 serving as a base film was formed in thickness of 100 to 
800nm by a sputtering. An amorphous silicon film was formed thereon in thickness of 20 to 
lOOnm by the plasma CVD method, and annealed at 600*0 for 12 to 72 hours in a nitrogen 
atmosphere to crystallize the amorphous silicon film. Subsequently, this result was subjected to a 
patterning process to form island-like semiconductor regions 304 (for N-channel TFT) and 305 
(for P-channel TFT) as shown in Fig. 3(A). 
[0026] 

Further, a gate oxide film 306 was deposited in thickness of 50 to 200nm by a sputtering, 
and then a silicon nitride film 307 was deposited in thickness of 2 to 20nm, preferably in thickness 
of 8 to llnm by the plasma CVD method or the low pressure CVD method. 
[0027] 
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Thereafter, an aluminum film was formed by a sputtering or an electron beam deposition 
method, and then subjected to a patterning process to form gate electrode/wirings 308 to 311. 
Through this process, an outline of the TFT was shaped as shown in Fig. 3(A). 
[0028] 

Further, a current was applied to the gate electrode/wirings 308 to 311 in the electrolyte to 
form aluminum oxide films 312 to 315 by the anodic oxidation method. An anodic oxidation 
condition as disclosed in Japanese Patent Application No. 4-30220 which was invented by the 
present inventors was adopted in this embodiment. Fig. 3(B) shows an intermediate produced in 
the above processes. 
[0029] 

Then, an N-type impurity and a P-type impurity were injected into the semiconductor 
regions 304 and 305, respectively by a well-known plasma ion doping method, thereby forming an 
N-type impurity region (source, drain) 316 and a P-type impurity region 317. This process was 
carried out using a well-known CMOS technique. In the plasma, hydrogen which was used as a 
dilute agent for gas source was ionized together with impurity elements, and injected into the 
semiconductor regions. This process may be carried out by a well-known ion injection method, 
however, this method requires a separate injection process of hydrogen ions for the reason as 
described later. 
[0030] 

Through these processes, the structure as shown in Fig. 3(D) was obtained. Naturally, the 
portion doped with the impurity by previous ion injection method has low crystallinity, and thus it 
is substantially in a non-crystal state (amorphous state, or a polycrystal state close to the 
amorphous state). Therefore, a laser anneal treatment was conducted to improve crystallinity at 
the portion. This process may be carried out by a heat annealing treatment at 600 to 850^. The 
same condition of laser annealing condition as disclosed in Japanese Patent Application No. 4- 
30220 for example was adopted. However, XeCl laser (wavelength: 308nm) or XeF laser 
(wavelength: 351nm) is used because a silicon nitride film 307 does not transmit the ultraviolet 
rays having short wavelength of 250nm or less. 
[0031] 

After the laser annealing, the annealing treatment was conducted for 30 minutes to 3 hours 
at a temperature of 250 to 450^ in a hydrogen atmosphere (1 to 700 torr, preferably 500 to 700 
torr), thereby reducing lattice defects (dangling bond, etc.) in the semiconductor. Actually, 
delivery of hydrogen is little carried out between the inside of the semiconductor region and the 
outside thereof because the silicon nitride film 307 exists. Therefore, a large amount of hydrogen 
atoms are simultaneously injected into the semiconductor region in case of the plasma doping 
method, and on the other hand, in the case of the ion injection method, a process of injecting 
hydrogen atoms is separately required. If the amount of hydrogen atoms is insufficient, hydrogen 
atoms are required to be separately doped even in the plasma doping method. 
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[0032] 

In this way, the outline of the element was shaped. Afterwards, similarly in the ordinary 
manner, an interlayer insulator 318 was formed by the sputtering for silicon oxide formation, and a 
hole for the electrode was formed by a well-known photolithography to expose the surface of the 
semiconductor region or the gate electrode/wiring. Finally, a second metal film (aluminum or 
chromium) was selectively formed to form electrode/wirings 319 to 321. Through the above 
mentioned process, NTFT 322 and PTFT 323 can be formed. 
[0033] 

[EMBODIMENT 4] 

Fig. 2 shows an embodiment in which this invention was applied to a TFT having two- 
layered channel which was Invented by the present inventors and described in applications filed on 
February 25, 1992 entitled "THIN FILM INSULATED GATE TYPE OF SEMICONDUCTOR 
DEVICE AND A PRODUCING METHOD THEREFOR" (applicant: Semiconductor Energy 
Laboratory Co., Ltd, three Patent Applications having docketing numbers : P002042-01 to 
P002044-03). 
[0034] 

That is, reference numerals 401, 501, and 601 show N-channel TFTs and 402, 402, and 402 
show P-channel TFTs in Figs. 4, 5, and 6. In each figure, each first layers 408, 410, 508, 510, 
508, and 510 was substantially formed of amorphous silicon in a thickness of 20 to 200nm. 
[0035] 

Reference numerals 407, 409, 507, 509, 607, and 609 represent silicon layers which were 
substantially in a polycrystal or semi-amorphous state, and the thickness of the silicon layers were 
set to 20 to 200nm. Further, reference numerals 404, 406, 504, 506, 604, and 606 represent gate 
insulating films formed of silicon oxide, and the thickness thereof was set to 50 to 300nm. 
Reference numerals 403, 405, 503, 505, 603, and 605 represent silicon nitride films each having 2 
to 20nm thickness, which were formed in the same manner as the Embodiments 1 to 3. The 
construction of these elements were designed on the basis of the disclosure of the above Patent 
Application or the description of the Embodiment 1. 
[0036] 

[EFFECT OF THE INVENTION] 

As mentioned above, by fonning a silicon nitride film between gate electrode and gate 
insulating film, the present invention can prevent invasion of movable ions into a channel, and also 
prevent the breakdown of the gate insulating film while anodic oxidation of the gate electrode. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] shows a process for producing a semiconductor device (cross section) according to the 
present invention. 

[Fig. 2] shows a process for producing a semiconductor device (cross section) according to the 
present invention. 
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[Fig. 3] shows a process for producing a semiconductor device (cross section) according to the 
present invention. 

[Fig. 4] shows an example of the structure of a semiconductor device according to the 
conventional example. 

[Fig. 5] shows an example of the structure of a semiconductor device according to the 
conventional example. 

[Fig. 6] shows an example of the structure of a semiconductor device according to the 
conventional example. 

[EXPLANATION OF THE MARKS] 



101 insulating substrate 

102 blocking layer (silicon nitride) 

103 blocking layer (silicon oxide) 

104 semiconductor region (for N-channel TFT) 

105 semiconductor region (for P-channel TFT) 

106 gate insulating film 

107 silicon nitride film 

108 ~ 11 1 gate electrode/wirings (aluminum) 
112~115 anodic oxide layers 

116 N type impurity region 

117 P type impurity region 

118 interlayer insulator 

119 ~121 second layer metal wirings 

121 NTFT 

122 PTFT 
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[NAME OF DOCUMENT] Abstract 

[Abstract] 

[Purpose] 

It is an object of the present invention to form a stable thin film insulated gate type field 
effect having metal gate covered with an anodic oxide film, and to provide a method for 
preventing invasion of movable ions into a channel, in which thin film insulated gate type field 
effect transistor appropriate to the object is formed. 
[Structure] 

In a thin-film insulated gate type field effect transistor having a metal gate in which the 
surface of the gate electrode is subjected to anodic oxidation, a silicon nitride film is provided so 
as to be interposed between the gate electrode and the gate insulating film to prevent invasion of 
movable ions into a channel, and also to prevent the breakdown of the gate insulating film due to a 
potential difference between the gate electrode and the channel region. 
[Selected figure] Fig. 1 
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